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PLATE  I. 
PART  I. 
At the suggestion of Dr. W. T. Councilman, I  undertook to study 
the influence  of disease  on the  circulation  of various  organs,  as indi- 
cated by the method of perfusion.  Perfusion  of dead organs has 
been made by Brodie (I),  Sollmann  (2),  Loebell  and Bidder (3), 
and Langendorff  (4),  but,  as far as I could ascertain,  no one had 
previously attempted to employ perfusion in the study of diseased 
organs. 
The  first  experiment attempted  was the perfusion of a normal 
rabbit's lung with an o.8  5 per cent. solution of sodium  chloride 
warmed to 40  ° C.,  and  under  constant  pressure  of  IOO millimeters 
of  mercury.  Difficulties  in  the  perfusion  were  at  ortce  met  with, 
which  were brought  about  by  edema  of  the  lung  tissues.  As  this 
was  thought  to be due  to  the  liquid  used,  a  fluid  was  sought  that 
would not  give rise to  edema.  The  investigators  mentioned  above 
had  used  many  fluids  for  perfusion,  none  of  which  was entirely 
satisfactory.  It  was  also  decided  to  work  first  with  the  kidney, 
because of the  studies  already  done  on perfusion  of  this  organ  by 
Brodie  and  Sollman,  and  the  work  in  experimemal  nephropathy, 
particularly  that  of Christian  (5)  and  of  Pearce  (6).  Hence,  an 
attempt  was  made  to  find  a  fluid  that  would  not  give  rise  to  an 
edema in ,the  kidney tissues. 
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METHOD. 
Pieces  of rabbit  kidney were  weighed and put  into bottles  con- 
taining different fluids in which they were left for one hour.  They 
were then taken out and weighed again with the  following results: 
TABLE  I. 
Fluid. 
I.  I  per cent. salt solution ..... 
2.  9  per cent.  salt solution ..... 
3.  I  per  cent. salt +2  per cent. al 
bumen  solution .......... 
4-  Locke's  solution ............ 
5.  Ringer-Locke  solution ....... 
6.  Ringer-Langendorff  solution. 
7-  Rabbit  urine  ............... 
8.  Rabbit's  own urine  .......... 
9.  Pig serum ................. 
IO.  Animal's  own serum ......... 
Weight 
before,  in 
gm. 
3.350 
2.555 
2.050 
2.655 
2.255 
2.930 
1.46o 
1.000 
1.77o 
1.320 
l  Time in 
fluid in hrs. 
I 
I 
Weight 
after,  in 
gm. 
3.59O 
2.675 
2.160 
2-735 
2.405 
3.17o 
1.600 
1.7oo 
1.87 ° 
1.35 ° 
Difference. 
0.240 
0.125 
O.IlO 
0.080 
o.15o 
o.14o 
o.14o 
0.700 
o.Ioo 
0.300 
Per cent. of 
increase in 
weight. 
7.0 
4.9 
5.0 
3.0 
IO.O 
4.0 
8.0 
7o.o 
6.0 
2.0 
This, of course, was a gross method; but at the same time it suf- 
ficed to  show that  none of  the  fluids  employed was  exempt  from 
giving rise to an edema.  Therefore other fluids were sought.  The 
fluid described by Adler  (7)  and found by him to be the most suit- 
able medium for continuing the action of the  heart was tried,  and 
more care was taken to learn what degree of edema the fluids pro- 
duced.  Kidneys from freshly killed rabbits were used.  The kidney 
was cut into six pieces and to eliminate the possibility of error in the 
determination of the amount of edema, the sections were dealt with 
as  follows: Each section was dropped  into a  vessel containing the 
solution to be tested.  It was then taken out and hung in  a  moist 
chamber.  The excess of fluid was thus allowed to run off.  At the 
end of a  certain time the drop hanging from the end of the section 
was blotted off.  The section was then weighed in a  chemical bal- 
ance and put  into a  bottle containing the fluid, and the bottle  was 
placed in an incubator kept at 37 ° C.  for one hour.  The section was 
then taken out and hung again in the moist chamber for a length of 
time corresponding to the time the section remained in the chamber 
before being weighed.  The drop hanging to the end of the section 
was blotted off and it was weighed again, the difference in  weight 
being noted. Albert  A.  Ghoreyeb.  81 
As table I  shows, the rabbit's own serum was the fluid that gave 
rise  to the least  edema in the  first series  of  experiments.  It  was 
consequently decided that in carrying on further tests it was advis- 
able  to  use  this  fluid  as  a  control.  Therefore,  while  one  of  the 
rabbit's kidneys, cut into six pieces, was placed in Adler's solution, 
the other kidney, cut in a similar fashion, was placed in bottles con- 
taining the rabbit's own serum. 
The following tames give the results obtained. 
TABLE  II. 
In  this  series  the  sections  were  put  in  blood  serum. 
Ti  ne in 
No. of  oist  Weight 
section,  ch Lmber  before. 
in min. 
c5  0.655 
~7  0.428 
~2  0.593 
~7  o.61o 
;o  o.48 I 
~5  • 0.382 
Time in 
serum 
in hrs. 
Time in 
moist 
chamber 
in rain. 
Weight  Difference 
after,  in weight. 
I5  O.695  O.O4O 
25  0.468  0.040 
28  o.612  o.o19 
37  0.646  o.036 
4I  0.500  o.o19 
47  0.407  o.o15 
Per cent. of 
increase in 
weight. 
Total weight  =  3.149  Total increase  =  o.169  5 
TABLE  III. 
In this series Adler's solution was used. 
No. of 
section. 
Time in  Time in  moist  Weight 
chamber  before,  fluid in hrs. 
in rain. 
IO  1.225  I 
I2  2.309  I 
15  i.622  i 
17  x.525  1 
I9  2.020  I 
2I  1.725  1 
Time in 
moist  Weight  Difference 
chamber  after,  in weight. 
in min. 
-72--o  o117 
12  2.555  o.146 
15  1.8oo  o.178 
17  ]  1.65o  o.125 
I9  [  2.235  0.2I 5 
21  )  1.915  0.19o 
Total weight  =  Io.426  Total increase  =  o.971  9.3 
Per cent. of 
increaseln 
weight. 
From table III it will be seen that Adler's solution gave rise to 
too great an  edema.  Another fluid, therefore, was tried  in which 
twice the amount of each of the solid ingredients recommended by 
Adler  was used.  This was  tested  in  similar  fashion to the  other 
fluids and was considered suitable  (table  IV). 32  Mechanical  Obstruction  of the Kidney. 
TABLE  IV. 
No. of 
section. 
Time in 
moist 
chamber 
in min. 
14 
17 
20 
22 
25 
28 
Weight 
before. 
1.o57 
1.59 
1.662 
0.982 
I.O04 
0.752 
I  Time in 
Time in  I  moist 
fluid in hrs. I  chamber 
I  17 
I  20 
I  22 
I  25 
I  28 
Weight  Difference 
after,  in weight. 
1.o57  o 
1.619  o.o29 
1.645  --o.o17 
o.987  o.oo5 
1.oo9  0.005 
0.745  --0.007 
Total weight ~  6.997  Total increase =  o.o15  o.21 
Per  cent.  of 
increase  in 
weight. 
Attention  was  therefore  turned  to  devising  an  apparatus  that 
would keep  the  organ  and  injecting  fluid  at  body  heat  during the 
perfusion and supply the pressure and pulse necessary to circulation 
(text-figure  I ). 
A 
~,  Rsservoir 
~  r 
~weet 
Hg.M~'mmeter 
Explanation  of Text-Figure /.--As the water from the tap ran  into the reser- 
voir,  it generated pressure in  the upper  part of the  reservoir, which was  thence 
transferred to  the manometer and  serum bottle in  the perfusion box. 
As the wheel on the motor rotated, it moved the lever, AC.  This  let the air 
out intermittently from the serum bottle through the pulse tube.  The  speed of 
the pulse was  regulated by  the brake on  the wheel.  The  size of  the pulse  was 
regulated  by  the  length  of  the  crank,  AB.  The  pressure  thus  escaping  was 
compensated  for  by  the  tap  water  which  was  allowed  to  run  slowly  into  the 
reservoir. 
The  water  pressure  was  necessary  because  compressed  air  from  a  power 
pump was not available. Albert  A.  Ghoreyeb.  33 
At  first  it  seemed  possible to  estimate  .the  flow  from  the  ureter 
simultaneously with the flow from the vein.  Cannuloe were devised 
which  fitted  into  the  ureter,  vein,  and  artery,  and  attempts  were 
made .to establish the rate of flow from the ureter and vein of normal 
kidneys  with  a  pressure  of  ioo millimeters  of mercury  in  diastole 
and  IiO  millimeters  of  mercury  in  systole,  and  a  pulse  of  12o  a 
minute.  Several  normal  kidneys  were  perfused.  The  fluid  ran 
easily  from  the  ureter  and  vein,  but  when  paraffin  sections  were 
made  of  the  kidneys,  it  was  found  that  the  cells  had  shrunken. 
This histological change  seemed to be sufficiently great to eliminate 
the use of this modification of Adler's fluid, and search  for a  better 
perfusing fluid was consequently resumed.  Brodie's  suggestion  of 
using  defibrinated  blood was  now tried;  but  here  again  objections 
were  met  with.  The  blood  did  not  flow  rapidly  enough  through 
the kidney vessels.  This,  it  was thought,  might  be due to clotting 
which  in turn  might  be brought  about  by the  liberation  of fibrino- 
plastic  ferment  from  the  kidney  during  perfusion.  Consequently 
a  fresh salt  solution extract  of the  kidney  was made  and  added  to 
the defibrinated  blood.  This gave  rise to clotting.  The  blood was 
then filtered and used.  Even then,  however, the flow from the vein 
was very slow, while no flow came  from the ureter. 
It  was  then  thought  that  diluting  the  defibrinated  blood  with 
salt  solution,  as  recommended  by  Langendorff  and  his  students, 
might  give rise to a  fluid that  would flow more  rapidly.  Dilutions 
composed of one part of blood to two parts of salt solution, of one 
part  of blood to three  parts of salt  solution,  and  one part  of blood 
to four parts of salt solution, were tried, but all proved eco be unsatis- 
factory for the same reasons that  eliminated the use of defibrinated 
blood.  It  may  be stated  here  that  the  change  in  the  color of  the 
blood  from  bright  red  to  purplish  red  as  it  passed  through  the 
kidney was noticed.  This  has also been seen by Brodie  and  other 
investigators. 
The  work done so  far led to the conclusion  that  Adler's fluid  as 
described by him was the  most  suitable  for the  following reasons: 
(a)  changes  occurring  would  ,be  alike  in  all  kidneys;  (b)  the 
ingredients  contained in the fluid were more thoroughly understood' 34  Mechanical  Obstruction of the Kidney. 
than  those contained  in preparations  in  which blood was used;  (c) 
the fluid  could be easily obtained. 
PERFUSION  OF  THE  KIDNEY  WITH  ADLER'S  SALINE  SOLUTION. 
The rabbit was etherized, the abdomen opened in the median line, 
the  left  kidney  exposed,  and  the  left  renal  artery  and  vein  were 
tied off respectively at their attachments to the aorta and vena cava, 
with  the animal  still  alive.  The  kidney  was perfused with  Adler's 
solution, warmed to 4o°C.  This was done to prevent an impediment 
to the  flow of the  solution  because of post-mortem  clotting.  The 
animal  was  bled  to  death  from the  right  femoral  vessels,  and  the 
blood was collected aseptically, as it was thought that at some future 
date the  serum  might  be used. 
The  spinal  cord was then severed at the cervical vertebrae and  at 
the pelvis, and that portion  of the rabbit was taken  out of the  skin 
and  laid  on a  tray.  The  kidney was protected and  kept moist by a 
flap of the left abdominal wall.  A  cannula  was inserted in,to the left 
ureter  as  quickly as possible and  the tray  with  that  portion  of the 
rabbit was placed in the box.  Previous to this  the Adler's solu.tion 
that  was  to  be used  had  been  filtered  and  warmed  to  4 °0 C.  and 
placed in the box.  Attachments were then made between the bottle 
containing  Adler's  solution,  the  cannula  in  the  renal  artery,  the 
cannulae  in the renal vein and ureter,  and two glass  cannulae  which 
protruded  from the side of the box.  The box was closed, the pulse 
motor  started,  and  regulated  with  the  brake  to  12o  pulsations  a 
minute.  The tap was turned  on until  the pressure  in the  reservoir, 
as registered in the manometer, reached  IOO millimeters  of mercury, 
and  the  clamp was removed  that  kept  the pressure  from  the  bottle 
containing Adler's solution.  A  flow of water  from the tap into the 
pressure  tank  was  then  so  regulated  that  it  compensated  for  the 
pressure  which  escaped  from  the  solution bottle through  the  pulse 
tube,  and  the  flow  from the  vein  and  ureter  was  estimated  as  the 
fluid escaped in drops from the vein and  ureter cannulae  in  the side 
of the box.  The fluid came out in drops which were counted,  as a 
rule,  at intervals  of five minutes.  The temperature  of the box was 
kept  between  380  and  420 C.  'by  means  of  the  electric  bulb.  In 
making  connections  between  the  fluid  and  the  renal  artel  T,  great 
care was taken to exclude all bubbles. Albert  A. Ghoreyeb.  35 
TABLE  V. 1 
This  shows  the  result  of  the  perfusion  of  six normal  kidneys  by  the  method 
described  above. 
No. of rabbit.  I  "3  23  __ 
v.  B.  U.  B.--  U. 
After  5mm .............  i  --  i--  /  23 /  5  42  IX 
Afterxomln..iiiiiiiill  I  24  6  24  2  47  X5 
After  7  mm..  --  -- 
After  x2 mln..  I __  __ 
Afterx5mm..;iii:i:iill  I  25  6  P.I3/--  ~4  -- 
After  x7 mm .............  P.I2  2  /P.II  {  ~  -- 
After 20 mm .............  [  ~5  5 
After 22 min  .............  ~8  So  --  53  xx  : 
After 25 min  .............  I  20  [  i01~  ~2  14 
After 30mm .............  [P.I 5  2  I  iol  --  I  5o  13 
3  ° 
B.  U. 
I91  6 
241  9 
•  241  9 
241  8 
241  8 
261  6 
29t  7 
3x  32 
B.  U.  B.  U.. 
7Ol  I5  24  2 
7ol  I4  24  2 
701  I4  24  2 
P.sT]  9P.~8  4 
P.1~  --6  24  4 
671  --  27  5 
5ol  5  32  4 
In contradistinction to the above experiments in which the spinal 
column was severed in the region of the cervical vertebrae,  the fol- 
lowing  kidneys  are  from  normal  rabbits  the  spinal  columns  of 
which were severed just below the diaphragm.  This seemed to give 
rise to an increase in the flow and was considered to be due to the 
damage done to the kidney nerve supply. 
TABLE  VI. 
No. of rabbit. 
After  5  min  .......... 
After  7  rain.. 
After  IO rain.. 
After  x2 rain  .......... 
After I5  min  .......... 
After 2o rain  .......... 
After 25 min  .......... 
B, 
P.64 
P.64 
66 
64 
58 
45 
U. 
7 
26 
37 
P.37 
P.3o 
22 
22 
V.  B. 
26  40 
--  40 
xI  P.38 
7  4o 
4  P.39 
4  37 
~7 
U. 
7 
7 
7 
7 
7 
4 
In the following series nephropathy was produced by cantharidin. 
Rabbit  25  received  subcutaneously  2  mgm.  of  cantharidin  in  acetic  ether  at 
ii  A.  M.  Owing  to the  condition  of  the  rabbit,  irrigation  was  started  at 2.23  P.  M. 
1 In  the  following  tames  B  =  drops  from  vein  cannula  in  ~  rain. ;  U  --  drops 
from  ureter  cannula  in  ~  rain.;  P  =  pulse  of  12o  a  minute;  --indicates  that 
the  drops  were  not  estimated. 36  Mechanical  Obstruction of the Kidney. 
TABLE  VII. 
Rabbit  25. 
B.  U. 
After  IO  mln ..................  45 
After  I2  min ..................  67  No  flow. 
After  20  rain ..................  The  pressure  ran  up  to  I44  mm.  of 
mercury  because  of  inattention• 
It  was  immediately  brought 
down  to  IOO  mm. 
After  22  min ..................  II0 
From  here  on  the  flow  became  so  rapid  that  the  drops  could  not  be  counted. 
In the following series nephropathy was produced with potassium 
chromate. 
Rabbits  24,  29,  and  34  were  given  5  mgm.  of  potassium  chromate  subcutane- 
ously  twenty-four  hours  before  being  perfused.  Rabbit  33  had  5  mgm.  of 
potassium  chromate  injected  subcutaneously  on  each  of  two  consecutive  days 
and  was  perfused  on  the  third. 
TABLE  VIII. 
After 
After 15 
After  12 
After 15 
After  17 
After 20 
After 22 
After 25 
After 27 
After 3o 
After 35 
After 37 
No.  of rabbit.  !  2 4 
B. 
mill.. 
mln.. 
mill.. 
rain.. 
mill.. 
mill.. 
mln.. 
rain.. 
mill.. 
ram.. 
..............  31 
.............  32 
.............  I  35 
.............  r  57 
.............  [  P.57 
.............  [ 
.............  ]  55 
ii:iii:i:i:il  - 60 
.............  P.59 
i 
U.  B.  I 
-i 2 I 
4  [  -- 
60  I 
77  8 
4 
2  --  ] 
2  r  --  I 
U.  B. 
I5  i2o 
13  130 
II  70 
8  35 
7  14 
7  13 
U. 
24 
26 
14 
2 
I 
34 
B.  U. 
5i  i6 
5I  23 
P.6I  23 
68  2I 
64  I6 
59  I4 
61  7 
55  5 
The  following series  of  rabbits  was  found,  at  autopsy,  to  have 
chronic nephropathy (table IX). 
TABLE  IX. 
No. of rabbit.  17 
After  5  min  ..............  3 
After Io min  ..............  P.3 
After I5  min  ..............  4! 
After 20 rain  ..............  -- 
After 25 min  .............. 
After 30 min .............. 
After 35 min  ..............  i  -- 
After 40 min .............. 
B. 
34 
?.38 
49 
U.  B. 
5  7I 
4 
--  37 
--  P.35 
--  P.4o 
x8  x9 
U.  B. 
44 
--  63 
46  P.65 
24  64 
7  5o 
P.49 
46 
2o 
•  B. 
38 
38 
P-39 
4 ° 
38 
--  P.36 
U. Albert  A.  Ghoreyeb.  37 
From  the tables  it  will be  seen that  the fluid used was  unsatis- 
factory because  the  difference in  flow between two  rabbits  of the 
same series, as is seen in table V, rabbits  13 and 31, and table VIII, 
rabbits 24 and 33,  was very marked.  This  difference could not be 
accounted for by an error in technique or by ma.croscopical or micro- 
scopical change. 
Furthermore, regardless of the changes in cells produced by the 
drug  used  for  the  pr.oduction  of  nephropathy,  the  histological 
changes caused by perfusion with Adler's solution were so great that 
dependence could not be placed on the results obtained.  The next 
fluid that  was  tried  was  rabbit  blood  serum.  This  was  found  to 
flow through  rapidly and  to  give  rise  to  very little  change in  the 
cells.  Its  vasoconstrictor  (8)  and  vasodilator  (9)  action,  being 
present only during the first few minutes of the perfusion, did not 
interfere  with  the  final  results.  Serum,  it  was  found,  gave  rise 
to no flow of fluid from the ureter, so the estimation of the ureter 
flow was given up. 
The  following  precautions  were taken  with  the  serum:  (I)  it 
was collected aseptically and kept in an ice-chest when not in use, 
(2)  it  was  filtered  through  eight  layers  of  gauze  before  every 
perfusion;  (3)  the  serum  used  for  perfusion  of  the  kidneys  in 
which nephropathy had been produced by a drug was obtained from 
normal  rabbits  and  from  rabbits  in  which  the  nephropathy  had 
been  induced by the  same  drug;  t'hus,  the  possibility  of  the  drug 
having an untoward influence on the circulation o.f the  serum was 
eliminated. 
To  test  this  point  further,  a  normal  kidney was  perfused with 
cantharidin serum, the greatest impediment to the flow being caused 
by canth:aridin nephropathy, and the flow in this case did not differ 
from that in which a normal serum and a normal kidney were used. 
Thus it was concluded that though nephrotoxie substances are pres- 
ent in the serum of animals with experimental nephritis  (IO),  they 
have  little  immediate  influence  on  the  flow  of  serum  through  a 
normal kidney. 
The  method  of  perfusion  .was  now  somewhat  altered.  The 
rabbit  w.as  etherized and bled  to  dea.th through the  right  femoral 
vessels.  The  abdomen  was  opened.  The  imestines,  liver,  and 38  Mechanical  Obstruction  of the Kidney. 
stomach were removed.  The spinal column was then severed below 
the  diaphragm  and  above  the  pelvis.  This  section  of  the  rabbit, 
with  the  kidneys  in situ,  was  taken  out,  cannul~e  were  introduced 
into  the left renal  artery  and  vein,  and ,the  whole was put  into the 
box in  which the bottle containing  serum  had  already been placed. 
Attachments  were  made  between  the  source  of  pressure,  a  mer- 
curial  manometer,  the  bottle  containing  the  serum,  the  cannul~e  in 
the  renal  artery,  ,the  cannul~e  in  the  renal  vein,  and  a  rubber  tube 
the  extremity  of  which  fitted  to  ar~her  glass  cannula  which  pro- 
truded  from 'the  side of the box at  E  (text-figure  I).  The  serum 
was ,then subjected to pressure. 
The  use  of the  same  amount  of  pressure  throughout  the  whole 
series  of  perfusions  was  found  to  be  impracticable;  serum  sent 
through  a  normal kidney under eighty-eight millimeters  of pressure 
flowed from the vein in  a  stream,  while that  sent through  some of 
the diseased kidneys (table XIV)  under the same pressure came out 
at the rate of ten drops a minute.  Thus,  were the same pressure to 
be  used  ,throughout,  the  only  way  that  suggested  itself  by  which 
the rapidity of the flow could be estimated and compared was to find 
how  much  time  it  took the  flow  from  each  kidney  to  fill  a  vessel 
of a known capacity.  This method was thought inadvisable  for the 
following reasons:  (a)  the greater time required  for the flow from 
the diseased kidney to fill the vessel would have made it possible for 
changes,  due  to  disintegration,  to  take  place  in  the  kidney;  (b)  an 
attempt  made  to shorten  this  time  would .'have necessitated  the  use 
of a  much greater pressure than  normally  (table  XIII). 
In  all  cases  as  little  pressure  as  possible  was  used.  The  serum 
was warmed to 40 °  C. before being put in the box, and the tempera- 
ture of the box was kept between 38o  and  420  C.  At  an  interval 
of five minutes ,the drops coming out of the cannul~e in the box were 
counted.  The  same cannul~e ,were used throughout.  The  cannula 
introduced  into  the artery  was  large  enough  to  allow the serum  to 
distend slightly the artery before entering  the kidney.  The cannula 
introduced  in`to the  vein was  large  enough  to  allow  a  free circula- 
tion,  so that  during  the  experiments  the  vein back of  this  cannula 
was  never  dilated  with  retained  serum.  It  ,was  found  that  the 
easiest  way  to  introduce  a  cannula  iuto  the  renal  artery  was  by 
entering  the  renal  artery  from the  aorta.  Before introducing  the Albert A.  Ghoreyeb.  39 
cannula,  a  fine pair of  forceps was  pushed  in  so  as  to  dilate  the 
entrance to  the vessel.  This  was  found necessary because in  cer- 
tain  cases the introduction of the  cannula into  the  artery tore  off 
the  endothelial lining  of  the  renal  artery  from  that  of the  aorta. 
This endothelial lining would then mass up in front of the cannula 
causing an obstruction to the stream. 
No pulse was used in this series, as the previous experiments led 
t.o the conclusion that a pulsating pressure made no difference in the 
rate of flow sufficiently great to warrant its use.  This differs from 
the conclusion arrived at by Sollmann.  It  seemed to me that the 
amount of flow within a  given time through the kidney depended 
on  the  mean  arterial  pressure.  If  this  exceeded  .the  normal 
pressure,  the  flow  naturally would be greater, otherwise  it  would 
be less.  As heretofore, all bubbles were carefully avoided. 
Landergren  and  Tigerstedt  (II)  have  shown  tha~t under  the 
influence of a  diuretic the blood flowing through the kidney in one 
minute is equal to its weight. 
As in a  1,5oo gram rabbit each kidney weighs from five to seven 
grams, .the flow of blood through this organ would average between 
seventy and ninety-eight drops a  minute.  Serum, as might be ex- 
pected and as is shown by the following experiments, flows through 
much more rapidly. 
The following tables  show the results obtained from the present 
study. 
TABLE  X. 
The  following  rabbits  were  normal. 
The  perfusion  of  rabbits  36  and  38  was  carried  on  uneventfully. 
In  rabbit  37  the  introduction  of  the  cannula  into  the  artery  denuded  part  of 
the  endothelium  thus  blocking  the  stream  to  a  certain  extent,  consequently  the 
cannula  had  to  be  reintroduced.  The  delay  thus  occasioned  may  have  had  some 
influence  on  the  flow. 
No. of rabbit. 
After  5  min  ........  .. 
After Io rain  .......... 
After x5 min  .......... 
After 2o rain  .......... 
After 25 rain  .......... 
After 3o rain  .......... 
After 35 rain  .......... 
After 4o min  .......... 
Pressure. 
66 ram. 
66 ram. 
44 mm. 
44 ram. 
44 mm. 
44 mm. 
44 mm. 
36 
Drops of 
serum. 
70 
)ver  I2{ 
76 
63 
7I 
65 
64 
i  Pressure. 
54 mm. 
i  54 mm, 
44 mm. 
i  44 mm. 
44 mm. 
44 mm. 
44 mm. 
44 mm. 
37  38 
Drops of  ]  Drops of 
serum.  Pressure.  serum, 
I 
21  44 mm.  I Over 12o 
75  44 mm.  Over x2o 
7o  44 mm.  7o 
7 °  -- 
52  44 mm.  64 
55  ~ 
47  44 mm.  5o 
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TABLE  XI. 
The  following rabbits  had  acute  uranium nitrate  nephropathy. 
Rabbit 39  received  subcutaneously IO  mgm. of  uranium nitrate  in  solution  on 
three  consecutive  days,  and  was  killed  on  the  fourth  day.  Rabbit  40  received 
subcutaneously Io mgm. of uranium nitrate in  solution on  four consecutive days, 
and  was killed  on  the  fifth  day.  Rabbit 4I  received  subcutaneously  IO  mgm.  of 
uranium  nitrate  in  solution  on  two  consecutive  days,  and  was  killed  on  the 
third  day. 
No. of rabbit.  39  40  41 
After  5 min  .......... 
After  9 rain  .......... 
After Io rain  .......... 
After I5 rain  .......... 
After 2o rain  .......... 
After 25  rain  .......... 
After 3o rain  .......... 
P ........  I  Dsr°ruPS°f 
54 ram.  I  89 
44 ram.  /  43 
44 mm.  36 
44 ram.  28 
44 ram.  18 
54 mm.  13 
54 mm. 
54 ram. 
44 mm. 
44 ram. 
44 ram. 
44 mm. 
44 mm. 
Pressure.  Drops  of  :Pressure. 
serum. 
I 
44  54 ram. 
70  54 mm. 
39  44 mm. 
24  44 mm. 
I5  44 mm. 
I3  -- 
12  -- 
Drops  of 
serum. 
37 
90 
50 
I9 
I9 
TABLE  XlI. 
The  following rabbits  had  acute  potassium arsenate  nephropathy. 
Rabbits  50  and  5I  received  subcutaneously  ten  milligrams  of  potassium 
arsenate  and  were  autopsied  at  the  end  of  thirty  minutes.  Both  rabbits  devel- 
oped  albuminuria. 
I 
No. of rabbit,  I  50  5x 
I  Pressure.  ] Drops of serum.  Pressure.  I Drops  of serum.  i 
After  5 min  .................  88 ram. 
After zo rain  ................  .  66 ram. 
After I5 rain ................  i  66 ram. 
After 2o min  ...............  66 ram. 
After 25 Inin  .................  1 
I7 
I0 
I3 
I8 
88 mm.  ]  I6 
66 mm.  I  I9  66 mm.  2 I 
66 mm.  22 
66 mm.  28 
TABLE  XlII. 
The  following rabbits had  acute potassium chromate nephropathy. 
Rabbit  42  received  subcutaneously  5  mgm.  of  potassium  chromate  solution 
on  two  consecutive  days  and  was  autopsied  on  the  third  day.  A  longer  time 
than  usual  was  allowed  to  elapse  between  the  death  of  the  rabbit  and  the  per- 
fusion of the  kidney. 
Rabbit  43  received  subcutaneously  5  mgm.  of  potassium  chromate  solution 
on two consecutive days  and  was autopsied on  the third  day.  Rabbits  44  and  45 
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No. of rabbit.  42  43 
After  5  min  ................. 
After io min  ................. 
After I5 rain  ................. 
After 20 rain  ................. 
After 25 rain  ................. 
Pressure.  __ Drops__of  serum. 
66 ram.  I~ 
66 ram.  i2 
66 mm.  !3 
66 mm. 
Pressure. 
I54 mm. 
x54 ram. 
I 
Drops of serum. 
m 
4 
5 
No. of rabbit.  44  45 
Pressure.  Drops of serum.  Pressure.  Drops of serum. 
After  s  min  .................  --  --  88ram.  20 
After IO min  .................  --  --  88 ram.  I9 
After I5 rain  .................  12o mm.  I  88 ram.  3 ° 
After 20 rain  .................  --  --  -- 
After 25 min  .................  120 ram.  15  -- 
TABLE  XIV. 
The  following  rabbits  had  acute  cantharidin  nephropathy. 
Rabbit  47  received  subcutaneously  2  mgm.  of  cantharidin  dissolved  in  acetic 
ether.  The  rabbit  was  killed  twenty-four  hours  later.  Rabbit  48  received  sub- 
cutaneously  1.5  mgm.  of  cantharidin  and  was  autopsied  twenty-four  hours  later. 
No. of rabbit.  47  48 
Pressure.  Drops of serum.  Pressure.  Drops of serum. 
After  5  rain  ................  88 ram.  6  88 mm,  4 
After IO min  ................  88 mm.  88 mm.  6 
After 15 rain  ................  88 mm.  88 ram,  7 
After 20 min  ................  88 ram.  xI  /  88 mm.  8 
TABLE  XV. 
The  following  rabbits had  acute  diphtheria  nephropathy,  both  having  received 
a  unit  of  toxin  per kilo  of  body  weight  two  days  before  autopsy. 
No. of rabbit.  [  a2  o 
f  Pressure.  Drops of serum,  Pressure  Drops of serum. 
After  5  rain  .................  8o ram.  4  8o ram.  /  20 
After Io rain  .................  Ii  44 ram. 
rain  ................  .  80 mm.  I  I8 
After 15 min  .................  80 mm.  24  44 mm.  25 
After 2o min  .................  8o mm.  24  44 ram.  24 
After 25  80 mm.  25  --  -- 
Table XVI represents the average pressure and rate of flow used 
in tables X  to XV,  inclusive. 42  Mechanical Obstruction of the Kidney. 
TABLE  XVI. 
After  5 rain. 
After lO rain. 
After 15 mill. 
After 20 rain. 
After 25 rain. 
After 30 min.i 
Normal.  /  Uranium 
,  nitrate. 
54ram.  7o!54mm.  45 
54ram. IO5 54ram.  8o 
44 mm.  72:'44  mm.  26 
44mm.  77J44 mm.  20 
44mm.  6244mm.  15 
44 turn.  56'44 mm.  12 
Potassium  I  Potassium  I Cantharid n  Diphtheria 
arsenate.  .  chromate,  i  '  toxin. 
~  'd  d  ,  .  d  I  ,  .  d 
,6ram  i8 !88ram  4  8omm 
66mm.114  76ram.  I5188mm.  6  62ram.  14 
66mm.[17(  80mm.  '14  88mm.  7  ',62mm.[24 
56ram.  19r  110mm.  i  8188mm.  9  162mm.124 
66mm.  28  132mm.  il°]  --  '--18omm.  24 
HISTOLOGY. 
In  all  cases  sections of both perfused and  non-perfused kidneys 
were  run  through  paraffin  and  a  microscopical  examination  was 
made.  A  complete description of the changes occurring in kidneys 
in which nephropathy had been produced by the various drugs used 
in  the  experiments  has  been  given by  many  investigators.  Only 
such changes, therefore, will be mentioned as were thought to have 
direct bearing on the problem. 
As  has  already been stated,  serum was  used  as  it  was  found to 
produce the least change in the kidney cells; but the epithelium of 
the kidney is not indifferent even to such a fluid.  The examination 
of the perfused .and  non-perfused kidneys  from the  same  normal 
animal,  subjected  to  precisely  the  same  histological  treatment, 
showed in the perfused kidney swelling and hydropic degeneration 
which is confined to the secondary convoluted tubules, the ascending 
arm of Henle, and the small collecting tubules.  The epithelial cells 
in these tubules show larger  and  smaller,  usually single,  vacuoles. 
Other changes that arise by perfusion of the normal kidney are the 
removal of the blood, the slight accentuation of the separation be- 
tween the tubules, and the bringing out with great clearness of the 
histological  details  of  the  empty glomeruli.  These  changes  were 
produced  by  a  perfusion  which  lasted  no  longer  than  thirty-five 
minutes;  but  even  during  this  short  time  the  changes  produced 
seemed to .offer  some impediment to the flow. 
Changes in the Kidneys in Which Nephropathy was Produced  by 
Cantharidin.--In  the  perfused  kidney  the  glomeruli  showed  a Albert A.  Ghoreyeb.  43 
diminution in the calibre  of  the blood vessels  due to 'the swelling 
and proliferation of the lining endothelial cells, many nuclear figures 
being seen, and the presence in the .capillaries of a large number of 
leucocytes,  some  of  ,which  showed  fragmented  nuclei.  In  the 
tubules there was a marked swelling of the epithelium which caused 
a narrowing of the intertubular spaces.  The difference between the 
perfused and the non-perfused cantharidin kidneys was not marked. 
In  the perfused  kidney  there  seems possibly  a  somewhat greater 
degree of swelling of'the degenerated epithelium, while the glomeruli 
in  the  non-perfused kidney  contain more  red  cells  and  a  greater 
number of leucocytes. 
Changes in the Kidneys in Which Nephropathy was Produced by 
Uranium  Nitrate.--The  glomerular lesions in the  uranium.nitrate 
kidneys are in marked contrast with the camharidin.  The glomeruli 
in the perfused kidney are free from cells, the only change in con- 
trast with the normal being a  slight swelling of the capillary endo- 
thelium.  The epithelial degeneration is more marked; there is ex- 
tensive cell desquamation and necrosis extending over areas of con- 
siderable size.  There is, however, a slight variation in the different 
cases, one case showing marked swelling and proliferation of both 
endothelium and covering epithelium. 
Changes in the Kidneys in Which Nephropathy was Produced by 
Potassium  Chromate.--The  glomerular  lesions  in  the  potassium 
chromate  kidney  approach  in  intensity  those  of  the  cantharidin 
kidney.  There is obstruction of capillaries due to cell ,accumulations 
within  them  and  endothelial  proliferation.  The  degenerative 
changes in the convoluted tubules are not so marked, there being but 
little actual necrosis.  There is, however, considerable swelling. 
Changes in the Kidneys in Which Nephropathy was Produced by 
Potassium Arsenate.--In  the  shor~  time that  elapsed between  the 
administration  of  potassium  arsenate  and  the  perfusion  of  the 
kidneys, a  swelling of the endothelium in the glomeruli had taken 
place: 
Changes in the Kidney in Which Nephropa.thy  was Produced by 
Diphtheria Toxin.--The lesions are essentially degenerative in char- 
acter,  affecting all  the  tubules,  chiefly the  convoluted tubules,  the 
primary more strongly than  the  secondary.  There  is  also  a  con- 44  Mechanical  Obstruction of the Kidney. 
siderable degree of interstitial  edema, very marked in certain  foci. 
All tubules are effected to about the same degree; the epithelium is 
swollen,  granular,  and  vacuolated;  the  nuclei  stain  poorly  and  in 
places the epithelium is converted into granular masses entirely fill- 
ing the tubules.  The glomeruli are,  for the most part,  unchanged, 
though the vessels often contain more than the usual number of cells. 
Some are lymphoid, others are polynuclear in form. 
It is evident in these cases that an  impediment to  the circulation 
may be  produced  in  a  number  of  pathological  conditions  in  the 
kidney, the  two  ways  most  evident being by  swelling of  the  epi- 
thelium  producing  pressure  upon  the  kidney,  and  changes  in  the 
glomeruli acting by the  diminution in  capillary  calibre,  this  being 
most  obvious  in  the canthari,din kidney.  The  combination of  the 
two conditions, as in the cantharidin kidney, will produce the most 
marked impediment. 
CONCLUSIONS. 
I.  Blood serum is the most satisfactory perfusing fluid available. 
2.  There is some impediment to the circulation of serum through 
the vessels of kidneys in which nephropathy has been produced by 
uranium nitrate,  potassium chromate, potassium  arsenate,  canthar- 
idin, or diphtheria toxin. 
3.  The  histological  changes  in  the  cells  of  these  nephropathic 
kidneys~the  swelling  of  the  epithelium  and  ,the  changes  in  the 
glomeruli--are such as would produce obstruction to the circulation. 
4.  The impediment to the circulation is greatest in those kidneys 
in which the above mentioned histological changes are most marked. 
5-  In ,the kidneys in which the drug used has caused a destruction 
of the cells, the impediment is less marked than in those where the 
cells are swollen but otherwise intact. 
PART  II. 
THE  OBSTRUCTION AT  VARIOUS STAGES OF  NEPHROPATHY. 
Having  found  that  nephropathy  caused  an  impediment  to  per- 
fusion  with  serum,  the  following series  of  experiments were  con- 
ducted in .order ,to determine the anaount of impediment at various 
stages of the process. Albert  A.  Ghoreyeb.  45 
SERIES  I. 
The  following  rabbits  received  subcutaneously  IO  mgm.  of  potassium  chro- 
mate  per  kilo  of  body  weight  and  were  autopsied  as  follows: 
Rabbits  I  and  2,  24  hours  after  injection. 
Rabbits  3  and  4,  48  hours  after  injection. 
Rabbits  6  and  7,  72  hours  after  injection. 
Rabbit  43,  12o  hours  after  injection 
Rabbit  29,  168  hours  after  injection. 
:No. of rabbit,  i 
After  3  min  .............. 
After  5  min  .............. 
After Io rain  .............. 
After 15 min  .............. 
After 20 rain  .............. 
After 25 rain  .............. 
Pres- 
sure. 
80 
60 
80 
80 
80 
ioo 
Drops 
se~m. 
9 
2 
3 
Pre~ 
rare 
8O 
50 
60 
60 
60 
60 
Drops 
of  Pres- 
serum,  sure. 
80 
I8  60 
18  60 
I7  60 
I8  60 
16  60 
D~s 
serum, 
8 
Io 
9 
9 
5 
?res 
ure 
80 
6o 
60 
60 
60 
6o 
Drops 
of 
serum. 
8 
IO 
II 
9 
9 
After  3 
After  5 
After  Io 
After 15 
After 20 
After 25 
No. of rabbit.  6 
Pres-  D o°fP  s  Pres- 
sure.  serum,  sure. 
rain  ..............  80  70 
rain  ...............  40  34  40 
rain  ...............  44  30  .  40 
min  ...............  40  28  4o 
rain  ...............  40 
rain  ...............  4o 
Drops 
of 
serum. 
2I 
29 
28 
24 
22 
Pres-  Pres- 
sure.  sure. 
6o 
60 
6o 
4o 
4o 
4o 
43  29 
D~s 
serum. 
42 
8O 
37 
34 
60 
60 
60 
40 
4 ° 
40 
DT~ 
serum. 
15 
95 
46 
47 
45 
The following table presents the average of the results obtained. 
Hrs. after  injec- 
tion. 
After  3  min.. 
After  5  min.. 
After  io  min.. 
After  15  min..' 
After  2o rain,, 
After  2 5  rain,. 
*res- 
ure. 
80 
55 
70 
70 
70 
80 
24-  48 
I 
Drops  Drops 
of  ]  Pres-  of 
serum,  sure.  serum. 
60  '  8 
80 
ii 
17  60  xo 
13  60  IO 
IO  60  9 
9  60  7 
)res 
ure 
7S 
7S 
42 
40 
40 
40 
)tops 
of 
~rum. 
27 
29 
28 
24 
22 
72  I:20 
Pres-  i  Drops [ 
se  °dm.  Pres~  sure.  sure, 
To 
60  60 
42  60 
6o  80  6o 
40  f  37 
40  34 
~68 
Drops 
of 
serum. 
I5 
95 
4 °  46 
40  47 
40  45 
SERIES  II. 
The  following  rabbits  had  a  subcutaneous  injection  of  0.5  mgm.  of  cantharidin 
dissolved  in  acetic  ether,  per  kilo  of  body  weight,  and  were  autopsied  as  follows  : 
Rabbits  25  and  98,  24  hours  after  injection. 
Rabbits  15  and  47,  48  hours  after  injection. 
Rabbits  81  and  52,  72  hours  after  injection. 
Rabbits  48  and  97,  12o hours  after  injection. 46  Mechanical  Obstruction of the Kidney. 
After  5  rain ............... 
No. of rabbit.  25  98  x5  47 
Pres-  of  i  Pres-  of  Pres-  of  I  Pres-  of 
sure.  serum,  sure.  serum,  sure.  serum  /  sure.  serum. 
6O  5  80  9  8O  40  7 
After  Io  rain ...............  8o  x7  80  Ii  8o  40  7 
4o  zo  80  I4  8o  40  9 
40  9  40  9  80  40  io 
8  4o  8  8o  4o  io 
After  I5  min ............... 
After  20 min ............... 
After  25  min ..............  40 
No. of rabbit.  [ 
i  Pres- 
sure. 
After  5  rain.  ~  70 
After  Io min ...............  4o 
After  I5  min ...............  r  4o 
After  2o rain ...............  4o 
After  25  rain ...............  4o 
8I  5  2 
Drops  ,  rofps Pres-  of  Pres-  D 
~m  sure.  serum,  sure. 
ser  .  60  3o 
6o 
31  40  [  3r  /  4o 
3I  40  [  25  I  40 
4o  24  I  -- 
48  97 
ro~  p  Drops  D  s  Pres-  of 
serum,  sure.  serum. 
88  40  90  - 
5 °  40  52 
40  40  52 
42  --  __ 
The  following table  presents the average  of the results obtained. 
I20  Hrs. after injection.  24 
Pres-  Dr~ps 
sure..I  ser  u.m__ 
i 
After  5  min ...............  70  [  7 
After  Io m!n ...............  80  ]  i 
After  I5  mm ...............  60  I2 
After  2o rain ...............  4o  9 
After  25 rnin ...............  4o  s 
42 
~res-  D I 
rare.  ii  606060  sel 
__  72 
~ps  Pres- D  ro~l; 
Lm. sure.  serun 
Pres-  Drops  of 
--~--Imre'404050  serum__4742sr  89  " 
HISTOLOGY. 
In  this  series  of  experiments  potassium  chromate  was  given  in 
smaller  doses  and  was  found  to  have  confined  its  actions  more 
closely to the tubules.  The changes  produced have been described 
by  Lyon  (12)  and  Burmeister  (13).  The  changes  were  most 
marked in the forty-eight and seventy-two hour kidneys,  and  from 
that time on they gradually subsided. 
In the cantharidin kidneys the same lesions were noted that have 
already been Spoken of in this paper.  The changes were most prom- 
inent  in the  forty-eight hour kidneys,  the other kidneys  showing a 
gradual  return to normal corresponding with the increased flow, as 
seen in the tables of series II. 
In sections stained with methylene-blue and eosin, a great number 
of  bacterm  were  found  lodged  in  various  parts  of  the  kidney, Albert A.  Ghoreyeb.  47 
principally in the glomeruli.  The organisms came from the serum 
which, in spite of all precautions, had become infected.  It was  at 
once thought that these .organisms might have caused some impedi- 
ment to the flow.  A  normal kidney was consequently perfused and 
the  results  obtained  showed  that  the  impediment,  if  any,  was  so 
slight as not to vitiate the general deduction.  A  normal rabbit was 
perfused  with  serum  cloudy  with  bacteria.  The  results  were  as 
follows : 
Normal  rabbit,  weight  1,45o  gm. 
Pressure.  Drops of serum. 
After  5  min  ............................  55  36 
After  Io  min  ............................  45  80 
After  15  min  ......................  .  .....  50  IOO 
After  20  min  ............................  50  Io5 
CONCLUSIONS. 
I.  In kidneys in which nephropathy has been induced by potas- 
sium chromate or cantharidin, the impediment offered to the flow of 
the perfusing serum is in direct ratio to the anatomical obstructive 
lesion,  and tends to  return to normal with  cessation or healing of 
the process. 
2.  Bacteria,  though  present  in  great  numbers,  impede but  little 
the flow of serum through the kidney. 
PART  III. 
SPONTANEOUS  NEPHROPATHY  IN THE  I~ABBIT. 
Rabbits 8, 9, 17, i8, I9, 2o, 28, 49, and 73 were found to have 
a nephropathy other  than that  induced. Rabbits 8, 9, 17, I8, and 
28 had subcutaneous injections  of potassium  chromate, while rabbits 
i9, 2o, 49, and 73 had no subcutaneous injection. Rabbits 17, I8, 
I9, and 2o were perfused  with Adler's normal saline  solution; 
serum was used with the others. 
The  results  obtained  from the  perfusion  of  rabbits  17,  18,  19, 
and 20  are given in table  IX,  while the results  obtained  from the 
perfusion of kidneys 8, 9,  28, 49, and 73 are given in the following 
table. 
HISTOLOGY  (I4). 
The lesions  are similar in  all  cases; a  description will therefore 
be  given  only  of  cases  I9  and  2o  in  which  the  injury  was  most 48  Mechanical  Obstruction  of the  Kidney. 
No. of rabbit.  49  73 
Pres- 
sure. 
After  5  min.,  6o 
After  Io  rain.,  6o 
After  I5  rain.,  6o 
After  2o  min..  6o 
After  25  rain..  -- 
Dl~-p  s  9  Drops 
of  F  Pres-  of 
sertlm.  ]  sure.  serum. 
Io  60  I3 
i2  60  i6 
7  60  8 
5  5 
28 
Pres-  Drops 
sure.  se~m. 
8o  IS  80 
8o  94  80 
40  34  80 
40  42  -- 
Drops 
Pres-  of 
sure.  serum. 
38 
29 
25 
Drops 
Pres-  of 
sure.  serum. 
60  27 
60  28 
60  28 
60  29 
6o  29 
marked.  Case 19 shows a triangular area on the surface extending 
into  the  cortex.  The  base  on  the  surface  measures  I. 5  ram. 
Within this area the glomeruli are  intact.  Bowman's capsules are 
somewhat dilated and there is a marked increase in the intertubular 
tissue,  with atrophy of the tubules.  Within many of the  atrophic 
tubules are hyaline casts.  Within this area there are loci of intense 
infiltration with lymphocytes.  There is but little fibrillary increase 
in  the  interstitial tissue,  and all  the  tubes  show  a  decided  narrow- 
ing of calibre and a low indifferent epithelimn.  The large areas are 
distinctly circumscribed.  The  cells  in the area  of cellular infiltra- 
tion are well preserved, but here and there are a  few small, scattered 
nuclear fragments.  There are also pale bodies found without defi- 
nite  size  or sha  W  which possibly result  from nuclear or  cell  frag- 
mentation.  Elsewhere in the kidney not connected with the surface 
and  rather numerous in the middle of the cortex are  similar areas 
of  cell  infiltration  with  tubular  atrophy.  The  epithelium  of  the 
kidney is normal and there are no casts save in the atrophic tubules 
in the  loci of disease. 
In case 20 the lesion is much more pronounced, the various areas 
taking  up  a  large  part  of  the  cortex;  the  lesions  present  a  great 
deal  of similarity to the  interstitial  loci  in  the  human kidney, but 
with the important difference that there are no lesions in the glom- 
eruli.  The glomeruli are  relatively more numerous in the  affected 
areas, but there is no thickening of the capsule or vascular oblitera- 
tion.  The tubules seem to be preserved, and there are lumina in the 
very small  canals.  In  one  of the  atrophic  canals  near the  cortex 
there are found cells filled with dark green granules, all of the same 
size.  In  another tubule  a  number  of  desquamated epithelial cells THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XVlll.  PLATE  I. 
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(Ghoreyeb :  Mechanical Obstruction of the Kidney.) Albert  A.  Ghoreyeb.  49 
are found which also contain this green granular pigment, and more 
or less of it is met with elsewhere. 2  In this case the largest  lesion 
extends  almost  to the base  of the  papilla.  There are  occasionally 
dense  hyaline masses  found  within  the  tubules  at  a  distance  from 
this area.  The blood vessels are normal.  The  loci seem to repre- 
sent  areas  where the  atrophy of tubules  is  extensive but  in  which 
there is no actual  destruction. 
It  is of interest to note that  although  all the  rabbits  showed  his- 
tological lesions, none showed albumen or casts  in the urine during 
life. 
CONCLUSIONS. 
1.  Rabbits  may  have  spontaneous  nephropathy  and  show  no 
casts or albumen in the urine. 
2.  If  we  leave  out  of  consideration  rabbits  17,  18,  19,  and  20, 
which were perfused with Adler's solution, and rabbits 8, 9,  17,  18, 
and  28,  which  were  injected  subcutaneously  with  potassium  chro- 
mate,  rabbits 49  and  73  show that  spontaneous  nephropathy offers 
some impediment to the perfusing serum. 
I  am indebted to Dr.  H.  T.  Karsner for suggestions and. for the 
facilities of the experimental division of the laboratory of pa*hology. 
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EXPLANATION  OF  PLATE  I. 
FIG.  I.  Rabbit  kidney showing  spontaneous  nephropathy. 
*  This pigment,  the nature of which  could not be determined,  was  found in 
one case only. 